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ABSTRACT 

The communications s y s t e m  d e s i g n  f o r  t h e  Experiment 
Carrier Module as proposed  by  t h e  M a r t i n  Marietta C o r p o r a t i o n  
d u r i n g  t h e  P r e l i m i n a r y  Requirements Review conducted on 
December 13-15, 1 9 6 7  i s  d e s c r i b e d .  The o p e r a t i o n a l  l i m i t a t i o n s  
and o t h e r  shor tcomings  of  t h i s  p roposed  d e s i g n  are d i s c u s s e d .  
These i n c l u d e :  ( a )  i n f l e x i b i l i t y  o f  t e l e m e t r y  subsystem 
d e s i g n  to accommodate changes i n  data t r a n s f e r  r e q u i r e m e n t s .  
( b )  i n c o m p a t i b i l i t y  of  t e l e m e t r y  subsystem d e s i g n  w i t h  r e a l -  
t i m e  data  r e q u i r e m e n t s ,  ( c )  l i m i t a t i o n  o f  ground c o n t r o l  o f  
subsys tems and e x p e r i m e n t s ,  ( d )  problem areas i n  implementa- 
t i o n  of t a p e  r eco rde r - r ep roduce r  subsystem d e s i g n ,  ( e )  a n t e n n a  
subsystem r a d i a t i o n  p a t t e r n s ,  and (f) no p r o v i s i o n  i n  s y s t e m  
d e s i g n  f o r  equipment redundancy o r  a l t e r n a t e  modes o f  subsystem 
o p e r a t i o n  f o r  c o n t i n g e n c i e s .  
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1.0 INTRODUCTION 

The Preliminary Requirements Review (PRR) for the 
Experiment Carrier Module (ECM) was conducted at the Martin 
Marietta Corporation (MMC) location in Denver, Colorado on 
December 13, 14, and 15, 1967. The ECM is planned for use in 
conjunction with the Command and Service Module (CSM) in 
mission AAP-1A of the Apollo Application Program (AAP). A 
PRR is an informal technical review of the basic approach to 
the design of the vario1Js systems of a contract end item and 
is held prier to the Preliminary 9esign Review (PDR). After 
a general session when the program status and projected 
schedules were discussed, the approved mission experiments 
and mission operations were briefly summarized, and the tech- 
nical approach to the design of the various ECM systems were 
presented by MMC, a number of working groups were formed to 
conduct an in-depth review of the basic approach to the de- 
sign of specific ECM systems proposed by MMC. One of these 
working groups was concerned with the review of the proposed 
ECM communications systems design. Mr. A. G. Weygand of 
Bellcomm, Inc. was a participant in the activities of this 
working group. 

No data package was made available to the members 
of this working group. The block diagram of the proposed ECM 
communications system presented during the general session of 
this PRR did not adequately describe either the proposed 
system design or its operational modes, and no other documen- 
tation existed describing the MMC proposal for the ECM 
communications system baseline design. Through questions 
directed to the MMC representatives of this working group, 
the proposed ECM communications system baseline design was 
ascertained. A number of recommendations were made for 
changes in the ECM communications system design but few were 
adopted. It was agreed by the members of the group that it 
would be highly desirable f o r  reasons of mission control and 
experiment data processing to (a) include all ECM subsystem 
status and/or performance data and experiment data (excluding 
video data) to be transmitted in real time in a single PCM 
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s i g n a l  c o n s i s t i n g  of  8 b i t  w o r d s ,  ( b )  i n c l u d e  a l l  ECM subsys-  
t e m  s t a t u s  and/or  performance data  and experiment  d a t a  
( e x c l u d i n g  v i d e o  da t a )  t o  be r e c o r d e d  and l a t e r  dumped i n  a 
d i f f e r e n t  s i n g l e  PCM s i g n a l  c o n s i s t i n g  of  8 b i t  words,  and ( e )  
t o  p r o v i d e  t h e  c a p a b i l i t y  f o r  ground-based c o n t r o l  of  ECM 
s y s t e m s  and exper iments  as may be r e q u i r e d  d u r i n g  p e r i o d s  o f  
crew s l e e p  or peak a c t i v i t y .  However, i t  was r ecogn ized  t h a t  
t h e s e  o b j e c t i v e s  were n o t  compat ib le  w i t h  t h e  t y p e  o f  o u t p u t  
data  from expe r imen t s  and t h e  ground r u l e  t h a t  e x i s t i n g  f l i g h t  
q u a l i f i e d  hardware b e  used wherever p o s s i b l e  which had been 
a p p l i e d  t o  t h e  d e s i g n  o f  t h e  ECM communications s y s t e m  f o r  
c o s t  and schedu le  r e a s o n s .  

The purpose  of t h i s  memorandum i s  to p r e s e n t  a de- 
s c r i p t i o n  o f  t h e  c u r r e n t  MMC b a s e l i n e  d e s i g n  of  t h e  communi- 
c a t i o n s  sys t em of  t h e  ECM ( S e c t i o n  3 . 0 )  and t o  d i s c u s s  t h e  
o p e r a t i o n a l  l i m i t a t i o n s  and o t h e r  shor tcomings  o f  t h i s  d e s i g n  
( S e c t i o n  4 . 0 ) .  
c u r r e n t l y  e n v i s i o n e d  is i nc luded  i n  S e c t i o n  2 . 0  f o r  t h e  
r e a d e r ' s  i n f o r m a t i o n .  

A b r i e f  d e s c r i p t i o n  o f  mis s ion  A A P - 1 A  as 

2 . 0  MISSION DESCRIPTION 

The f l i g h t  hardware r e q u i r e d  f o r  t h e  Apollo Applica-  
t i o n s  Program (AAP) mi s s ion  AAP-1A i n c l u d e s  an  Uprated S a t u r n  
I Launch Veh ic l e ,  a S p a c e c r a f t  Lunar Module b d a p t e r  (SLA), a n  
Experiment Carr ier  Module (ECM),  a Block I1 Command and S e r v i c e  
Module (CSM), and a Launch Escape System ( L E S ) .  

Miss ion  1 A  w i l l  be  manned and w i l l  b e  launched  from 
Cape Kennedy i n t o  a n  e l l i p t i c a l  E a r t h  o r b i t  of  approximate ly  
87 b y  1 4 0  n a u t i c a l  miles  a l t i t u d e  w i t h  an  i n c l i n a t i o n  o f  
approx ima te ly  50 d e g r e e s .  After i n s e r t i o n  i n t o  E a r t h  o r b i t ,  
t h e  CSM w i l l  s e p a r a t e  from t h e  SLA and w i l l  t r a n s p o s e  and 
hard dock t o  t h e  ECM. The CSM/ECM w i l l  s e p a r a t e  from t h e  
S-IVB/IU/SLA and w i l l  b e  p l a c e d  i n  a c i r c u l a r  E a r t h  o r b i t  o f  
approx ima te ly  1 4 0  n a u t i c a l  miles a l t i t u d e  b y  t h e  p r o p u l s i o n  
sys t em of t h e  SM. The miss ion  w i l l  b e  open-ended w i t h  a 
p l anned  m i s s i o n  d u r a t i o n  o f  14 d a y s  d u r i n g  which t i m e  E a r t h  r e s o u r c e  
and m e t e o r o l o g i c a l  exper iments  w i l l  b e  conducted.  The s p e c i -  
f i c  expe r imen t s  which nave been approved  b y  tiie Mai-ii;ed Space 
F l i g h t  Experiments  Board (MSFEB) f o r  mis s ion  A A P - L A  a r e  l i s t e d  
i n  T a b l e  1. Group 1 exper iments  a r e  t h o s e  exper iments  which 
w i l l  b e  conducted on ly  du r ing  CSM/ECM o v e r f l i g h t  o f  t h e  
c o n t i n e n t a l  United S t a t e s  and immediate  s u r r o u n d i n g  areas  
w h i l e  Group 2 exper iments  may b e  conducted a t  anyt ime.  During 
t h e  conduct  of t h e s e  exper iments  b u t  no t  n e c e s s a r i l y  th roughou t  
t h e  m i s s i o n  ( s u c h  as d u r i n g  crew s l e e p  p e r i o d s ) ,  t h e  CSM/ECM 
w i l l  nominal ly  be  s t a b i l i z e d  w i t h  t h e  r o l l  a x i s  of t h e  CSM/ECM 
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c o i n c i d e n t  w i t h  t h e  l o c a l  v e r t i c a l ,  w i t h  t h e  dome of  t h e  ECM 
p o i n t e d  toward t h e  Ea r th ,  and w i t h  t h e  docking-windows of  t h e  
CM o r i e n t e d  forward  a l o n g  t h e  s p a c e  v e h i c l e  v e l o c i t y  v e c t o r .  
A t  t h e  comple t ion  of t h e  mis s ion ,  t h e  CM w i l l  r e t u r n  t o  E a r t h  
w i t h  t h e  crew v i a  a water l and ing .  

3 .0  C O M M U N I C A T I O N S  SYSTEM OF THE EXPERIMENT C A R R I E R  MODULE 

3 .1  Genera l  

The ECM w i l l  be equipped w i t h  independent  instrumen- 
t a t i o n  and t e l eme t ry  sys t ems  f o r  t h e  p r o c e s s i n g  and t r a n s f e r  of 
t h e  r e q u i r e d  ECM subsys tem s t a t u s  and/or  performance da ta  as 
w e l l  as experiment  data t o  t h e  Manned Space F l i g h t  Network 
(MSFN) and f o r  t h e  p r o c e s s i n g  and on-board d i s p l a y  o f  appro-  
p r i a t e  subsystem and experiment  data  f o r  crew a s s e s s m e n t .  A 
p o r t a b l e  d i s p l a y  and c o n t r o l  p a n e l  w i l l  be  s t o r e d  i n  t h e  ECM 
d u r i n g  l aunch  and w i l l  b e  r e l o c a t e d  t o  t h e  CSM d u r i n g  t h e  
m i s s i o n  t o  p e r m i t  crew moni to r ing  and c o n t r o l  of  ECM subsystems 
and exper iments  from t h e  CM. T h i s  p a n e l  w i l l  u t i l i z e  p a r t  o f  
t h e  c a p a b i l i t y  of  t h e  e l e c t r i c a l  i n t e r f a c e  c o n n e c t o r s  between 
t h e  CSM and t h e  ECM. The i n s t r u m e n t a t i o n  and t e l eme t ry  s y s t e m s  
of  t h e  ECM w i l l  b e  d e s c r i b e d  i n  g r e a t e r  d e t a i l  i n  t h e  f o l l o w i n g  
p a r a g r a p h s .  A b lock  diagram o f  t h e  i n s t r u m e n t a t i o n  and t e l e -  
m e t r y  s y s t e m s  i s  shown i n  F igu re  1. 

I n  o r d e r  t o  meet t h e  r equ i r emen t s  f o r  m i s s i o n s  AAP-1 
and AAP-3, t h e  CSMs used f o r  these  mis s ions  w i l l  b e  p rov ided  
w i t h  th ree  6 1  p i n  e l e c t r i c a l  i n t e r f a c e  c o n n e c t o r s .  A s imilar  
CSM w i l l  be used f o r  m i s s i o n  AAP-1A p r o v i d i n g  t h e  feed th rough  
c a p a b i l i t y  f o r  1 8 3 w i r e s .  Twenty-four of  these  p i n s  w i l l  be  
r e q u i r e d  f o r  t h e  pu rpose  o f  s e p a r a t i n g  t h e  ECM from t h e  SLA 
a t t a c h  p o i n t s .  Approximately 80 p i n s  w i l l  b e  r e q u i r e d  f o r  t h e  
d i s p l a y  and c o n t r o l  p a n e l .  

Timing r e q u i r e d  f o r  ECM subsystems and exper iment  
da ta  c o r r e l a t i o n  and o p e r a t i o n  w i l l  b e  p rov ided  by t h e  C e n t r a l  
Timing Equipment (CTE) of  t h e  Block I1 CSM. The I R I G - B  t i m i n g  
format  ( . l o0  p p s )  o u t p u t  o f  t h e  CTE w i l l  be r o u t e d  th rough  t h e  
CSM/ECM e l e c t r i c a l  i n t e r f a c e  c o n n e c t o r s  t o  t h e  ECM measur ing  
c. , r h  ” - .m t Am u uu o y  CJ cIGl11. 

Command and c o n t r o l  of  t h e  ECM subsys tems and e x p e r i -  
ments  from t h e  E a r t h  w i l l  be accomplished b y  u t i l i z i n g  t h e  
S-band up-data r e c e i v i n g  and decoding  s y s t e m  of t h e  CM and 
r o u t i n g  d i s c r e t e  commands through t h e  CSM/ECM e l e c t r i c a l  i n t e r -  
f a c e  c o n n e c t o r s  t o  t h e  ECM s u b s y s t e m s .  The c a p a b i l i t y  t o  
accommodate a t o t a l  of four d i s c r e t e  commands w i l l  b e  p rov ided  
i n  t h e  i n t e r f a c e  c o n n e c t o r s .  
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Voice communications among t h e  crew and t h e  MSFN w i l l  
b e  p rov ided  by t h e  a u d i o  c e n t e r s  and r a d i o  f requency  communica- 
t i o n s  s y s t e m s  o f  t h e  CSM. The u m b i l i c a l  o f  t h e  p e r s o n a l  
communications sys tems ( i n c l u d e s  duplex  v o i c e  communications 
and b iomed ica l  da ta  t r a n s f e r )  of  t h e  crewmen w i l l  b e  l eng thened  
t o  p e r m i t  a crewman t o  e n t e r  t h e  ECM from t h e  CM and perform 
t h e  r e q u i r e d  o p e r a t i o n s  w h i l e  m a i n t a i n i n g  con t inuous  h a r d l i n e  
c o n n e c t i o n  t o  one o f  t h e  audio  c e n t e r s  o f  t he  CM.  A l l  v o i c e  
r e c o r d i n g  r equ i r emen t s  w i l l  b e  f u l f i l l e d  u t i l i z i n g  e x i s t i n g  CM 
equipments .  

3 . 2  I n s t r u m e n t a t i o n  and Telemetry System 

The i n s t r u m e n t a t i o n  and t e l e m e t r y  s y s t e m  o f  t h e  ECM 
w i l l  i n c l u d e  t h e  f o l l o w i n g  subsys tems:  ( a )  measuring,  ( b )  PCM 
t e l e m e t r y ,  ( c )  f requency  d i v i s i o n  m u l t i p l e x i n g  t e l e m e t r y ,  ( d )  
t ape  r e c o r d e r - r e p r o d u c e r ,  ( e >  VCO mixer ,  ( f )  r a d i o  f requency  
equipment ,  and ( g )  a n t e n n a s .  The i n s t r u m e n t a t i o n  and t e l eme t ry  
s y s t e m  d e s i g n  i n c l u d e s  t h e  c a p a b i l i t y  f o r  i n - f l i g h t  sys tem 
c a l i b r a t i o n .  

3 . 2 . 1  Measuring Subsystem 

The measur ing  subsystem w i l l  c o n s i s t  o f  s e n s o r s ,  
t r a n s d u c e r s ,  and s i g n a l  c o n d i t i o n i n g  equipments .  The measur- 
i n g  subsystem, i n  g e n e r a l ,  w i l l  c o n v e r t  t h e  q u a n t i t y  t o  be  
measured i n t o  an  e l e c t r i c a l  s i g n a l  and w i l l  c o n d i t i o n  t h e  
r e s u l t i n g  e l e c t r i c a l  s i g n a l  t o  b e  a c c e p t a b l e  t o  e i t h e r  t h e  PCM 
t e l e m e t r y  subsys tem OF t he  frequency d i v i s i o n  m u l t i p l e x i n g  
t e l e m e t r y  subsystem. For t h e  c a s e  o f  data  from v a r i o u s  e x p e r i -  
ments ,  t h e  s e n s o r s  and t r a n s d u c e r s  w i l l  g e n e r a l l y  b e  con ta ined  
w i t h i n  t h e  r e s p e c t i v e  experiment  packages and e l e c t r i c a l  s i g -  
n a l s  w i l l  be  a v a i l a b l e  on t h e  o u t p u t  leads o f  t h e  r e s p e c t i v e  
exper iment  packages .  These e l e c t r i c a l  o u t p u t  s i g n a l s  from 
v a r i o u s  exper iments  w i l l  be  c o n d i t i o n e d  by t h e  measuring sub- 
sys tem as r e q u i r e d  t o  b e  a c c e p t a b l e  t o  e i t h e r  t h e  PCM t e l e -  
m e t r y  subsys tem or t h e  f requency  d i v i s i o n  m u l t i p l e x i n g  
t e l e m e t r y  subsystem. It should  b e  no ted  t h a t  exper iments  
S043, S049, S075, ,3104, and Sl05 have d i g i t a l  o u t p u t s  which 
cannot  b e  hand led  by t h e  planned PCM t e l e m e t r y  subsystem and 
as a r e s u l t  a f r equency  d i v i s i o n  m u l t i p l e x i n g  t e l e m e t r y  sub- 
sys tem w i l l  b e  i n c l u d e d  i n  t h e  ECM f o r  t h e  t r a n s f e r  of t h i s  
d i g i t a l  data  t o  t h e  MSFN. The o u t p u t  from t h e  exper iment  
SO39 which i s  a l s o  i n c o m p a t i b l e  w i t h  t h e  p lanned  PCM t e l e m e t r y  
subsys tem w i l l  be  a wideband f requency  m u l t i p l e x e d  composi te  
s i g n a l  which i n c l u d e s  v ideo  c h a n n e l ( s ) ,  a s p a c e c r a f t  t i m i n g  
s i g n a l ,  and a r e f e r e n c e  f requency  and w i l l  be handled  
i n d e p e n d e n t l y  . 
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The I R I G - B  t i m i n g  s i g n a l  t r a n s f e r r e d  t o  t h e  ECM from 
t h e  CTE i n  t h e  CM w i l l  be conve r t ed  i n  t h e  ECM t o  a 25  b i t  I R I G  
b i n a r y  coded dec imal  p a r a l l e l  t ime word g i v i n g  t h e  d a y ,  t h e  
h o u r ,  t h e  minu te ,  and t h e  second from a g i v e n  r e f e r e n c e .  T h i s  
word w i l l  b e  c o n d i t i o n e d  and r o u t e d  t o  b o t h  t h e  PCM and f re-  
quency m u l t i p l e x i n g  telemetry subsystems f o r  t r a n s f e r  t o  t h e  
MSFN and t o  t h e  SO39 experiment  package f o r  t r a n s f e r  t o  t h e  
MSFN t o  p r o v i d e  a time r e f e r e n c e  f o r  t h e  data c o l l e c t e d  on- 
board  t h e  ECM and t r a n s m i t t e d  t o  t h e  MSFN i n  r e a l  t i m e  o r  
delayed t i m e .  

3 . 2 . 2  PCM T e l e m e t r y  Subsystem 

The PCM t e l eme t ry  subsystem w i l l  i n c l u d e  h i g h  l e v e l  
and low l e v e l  a n a l o g  m u l t i p l e x e r s ,  a programmer, a n  analog-to-  
d i g i t a l  c o n v e r t e r ,  a sync  g e n e r a t o r ,  a c l o c k  g e n e r a t o r ,  and 
a n c i l l a r y  equipments ,  a l l  of which w i l l  be  o f  t h e  t y p e  used i n  
t h e  Gemini s p a c e c r a f t .  The programmer w i l l  be  used t o  conbine  
i n  d i g i t a l  form t h e  commutated and non-commutated data fed  t o  
t h e  PCM t e l eme t ry  subsys tem from t h e  measuring subsystem o f  
t h e  ECM w i t h  s y n c h r o n i z a t i o n  words t o  form two TCM w a v e t r a i n s ,  
a s e r i a l  b i n a r y  coded non-return-to-zero-level (NRZ-L) s i g n a l  
o f  5 1 . 2  k i l o b i t s  p e r  second (kbps)  and a r e t u r n - t o - z e r o  (RZ) 
s i g n a l  of 5 .12  kbps .  These PCM w a v e t r a i n s  w i l l  b e  composed o f  
words c o n s i s t i n g  o f  e i g h t  data b i t s  a r r a n g e d  w i t h  t he  most 
s i g n i f i c a n t  b i t  f i r s t .  D ig i t a l  and b i - l e v e l  data ,  such  as 
e v e n t  o c c u r r e n c e  data,  w i l l  b e  grouped i n t o  s e t s  of  e i g h t  
c o n s e c u t i v e  b i t s .  The 5.12 k b p s  PCM w a v e t r a i n  w i l l  c o n t a i n  
eve ry  t e n t h  word c o n t a i n e d  i n  t h e  51.2 kbps PCM w a v e t r a i n .  
All i n p u t  data w i l l  appea r  a t  some t i m e  i n  t h e  51 .2  kbps PCM 
w a v e t r a i n  b u t  w i l l  n o t  n e c e s s a r i l y  appear a t  any time i n  t h e  
5 .12  kbps PCM w a v e t r a i n .  The programmer w i l l  have a s i n g l e  
f i x e d  program which must be used th roughou t  t h e  m i s s i o n .  

Except d u r i n g  conduct of  exper iment  SlO3, S h o r t  
Wavelength S p e c t r o m e t e r ,  a l l  data t o  b e  t r a n s f e r r e d  t o  t h e  
MSFN v i a  t he  PCM t e l e m e t r y  subsystem ( i n c l u d i n g  ECM subsys tem 
s t a t u s  and/or  performance data ,  t i m i n g  data, data  from Group 1 
exper imen t s ,  and a n a l o g  data from Group 2 expe r imen t s )  w i l l  be  

exper iment  SlO3 w i l l  exceed the  remain ing  c a p a c i t y  o f  t h e  
5 .12  kbps PCM format  and consequent ly  d u r i n g  i t s  conduct  t h e  
51.2 kbps PCM format  must be used t o  p e r m i t  t r a n s f e r  o f  ECM 
subsys tem s t a t u s  and/or  performance da ta ,  t i m i n g  data ,  data 
from Group 1 e x p e r i m e n t s ,  and a n a l o g  data from Group 2 e x p e r i -  
ments .  

ccn ta ined  in t h e  5 .12  kbps PCP! s i g m l .  The c u t p u t  data frnln 
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The 5.12 kbps PCMwavetrain w i l l  a lways  be  r o u t e d  t o  
t h e  VCO mixer  subsys tem and excep t  d u r i n g  performance o f  t h e  
S l 0 3  exper iment  w i l l  b e  s imul t aneous ly  fed  t o  t h e  t ape  r e c o r d e r -  
r e p r o d u c e r  subsystem. During conduct  o f  experiment  S103, t h e  
51.2 kbps  PCM w a v e t r a i n  w i l l  be  r o u t e d  t o  t h e  t a p e  r e c o r d e r -  
r e p r o d u c e r  subsys tem i n  p l a c e  of t h e  5 . 1 2  kbps PCM w a v e t r a i n .  
Swi t ch  i n t e r l o c k s  w i t h  experiment  SlO3 w i l l  be  provided  t o  i n -  
s u r e  t h a t  t h e  51.2 kbps PCM w a v e t r a i n  i s  r o u t e d  t o  t h e  tape 
r e c o r d e r - r e p r o d u c e r  subsystems d u r i n g  performance o f  t h a t  
expe r imen t .  

3 . 2 . 3  Frequency D i v i s i o n  Mul t ip l ex ing  T e l e m e t r y  Subsystem 

The f requency  d i v i s i o n  m u l t i p l e x i n g  subsystem w i l l  
i n c l u d e  f i v e  v o l t a g e  c o n t r o l l e d  o s c i l l a t o r s  (VCO) whose c e n t e r  
f r e q u e n c i e s  co r re spond  t o  the  s u b c a r r i e r  f r e q u e n c i e s  o f  FM pro- 
po r t iona l -bandwid th  s u b c a r r i e r  channe l s  5 th rough  9 ,  i n c l u s i v e ,  
d e f i n e d  i n  t h e  Inter-Range I n s t r u m e n t a t i o n  Group ( I R I G )  
T e l e m e t r y  S t anda rds  f o r  f requency d i v i s i o n  m u l t i p l e x i n g  t e l e -  
m e t r y  s y s t e m s .  One of t h e  VCOs  w i l l  be f requency  modulated by  
a s p a c e c r a f t  t i m i n g  s i g n a l  r o u t e d  from t h e  ECM measuring sub- 
s y s t e m .  The remain ing  f o u r  V C O s  w i l l  be  f requency  modulated 
sepa ra t e ly  by d i f f e r e n t  p r o p e r l y  c o n d i t i o n e d  d i g i t a l  data  
o u t p u t s  from t h e  Group 2 exper iments .  The 3750 bps d i g i t a l  
o u t p u t  from t h e  SO49 exper iment ,  I R  I n t e r f e r o m e t e r  Spec t ro -  
meter, of  t h e  Group 2 exper iments  w i l l  be  t h e  only  experiment  
d i g i t a l  o u t p u t  data  n o t  handled b y  e i t h e r  t h e  PCM t e l eme t ry  
subsys tem or by t h e  frequency d i v i s i o n  m u l t i p l e x i n g  t e l e m e t r y  
subsys tem.  

The f requency  d i v i s i o n  m u l t i p l e x e d  composi te  s i g n a l  
of  f i v e  f requency  modulated s u b c a r r i e r s  ( I R I G  channe l s  5 
t h r o u g h  9, i n c l u s i v e )  w i l l  b e  r o u t e d  s i m u l t a n e o u s l y  t o  t h e  
tape  r e c o r d e r - r e p r o d u c e r  subsystem and t o  t h e  VCO mixer  sub- 
s y s t e m .  The 3750 bps d i g i t a l  w a v e t r a i n  o u t p u t  from t h e  S O 4 9  
exper iment  a f t e r  c o n d i t i o n i n g  w i l l  b e  r o u t e d  d i r e c t l y  t o  t h e  
t ape  r e c o r d e r - r e p r o d u c e r  subsystem. 

3 .2 .4  Tape Recorder-Reproducer Subsystem 

The t a p e  r e c o r d e r - r e p r o d u c e r  subsystems or" t n e  ECivi 
w i l l  be a s l i g h t l y  modi f ied  v e r s i o n  o f  t h e  f o u r t e e n  t r a c k  t a p e  
r e c o r d e r - r e p r o d u c e r  subsystem produced by t h e  Leach Corpora t ion  
f o r  u s e  i n  t h e  Block I1 CSM o f  t h e  Apollo Program. T h i s  tape 
r e c o r d e r - r e p r o d u c e r  subsystem w i l l  b e  mod i f i ed  ( a )  t o  r e c o r d  
PCM data a t  a r a t e  of 5.12 kbps  a t  a tape  speed  of  3.75 inches  
p e r  second ( i p s )  i n s t e a d  of  1 . 6  kbps and ( b )  t o  p layback  a t  a 
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r a t e  of 6 0  i p s  i n s t e a d  o f  1 2 0  i p s .  
form w i l l  be r eco rded  as a n  a n a l o g  s i g n a l  and it  i s  n o t  ex- 
p e c t e d  t h a t  m o d i f i c a t i o n  o f  t h e  t a p e  r eco rde r - r ep roduce r  sub- 
sys t em w i l l  b e  r e q u i r e d  t o  accommodate t h i s  s i g n a l .  

The 3750 bps d i g i t a l  wave- 

The t a p e  r e c o r d e r - r e p r o d u c e r  subsys tem w i l l  be  capa- 
b l e  of  r e c o r d i n g  s imul t aneous ly  a t  a r e c o r d  t a p e  speed of  3 .75  
i p s  ( a )  5 . 1 2  kbps PCM w a v e t r a i n s ,  ( b )  a 3750 bps d i g i t a l  wave- 
form, and ( e )  a f r equency  d i v i s i o n  m u l t i p l e x e d  s i g n a l  composed 
o f  I R I G  FM propor t iona l -bandwidth  s u b c a r r i e r  channe l s  5 th rough 
9 ,  i n c l u s i v e  o r  o f  r e c o r d i n g  s i m u l t a n e o u s l y  a t  a r e c o r d  t a p e  
speed  o f  15 i p s  ( a )  51.2 kbps PCM w a v e t r a i n ,  ( b )  a 3750 bps 
d i g i t a l  waveform, and ( c )  a f r equency  d i v i s i o n  m u l t i p l e x e d  
s i g n a l  composed o f  I R I G  FM propor t iona l -bandwidth  s u b c a r r i e r  
c h a n n e l s  5 th rough  9 ,  i n c l u s i v e .  The p layback  e l e c t r o n i c s  o f  
t h i s  subsys tem w i l l  p e r m i t  p a r a l l e l  p layback  of a l l  r e c o r d e d  
data a t  a p layback  t a p e  speed cf on ly  60 i p s  r e g a r d l e s s  cf 
t h e  r e c o r d  tape speed. The c a p a c i t y  of t h e  tape  r e c o r d e r  w i l l  
b e  one-half  hour  o f  r e c o r d i n g  a t  a t a p e  speed  of  15  i p s  and 
two hours o f  r e c o r d i n g  a t  a t a p e  speed  o f  3.75 i p s .  The t a p e  
r e c o r d e r  must be  rewound b e f o r e  r e c o r d e r  c o n t e n t s  can  be 
dumped. The t a p e  r e c o r d e r  c o n t e n t s  can  b e  dumped i n  7 . 5  
minu tes  maximum. 

The o u t p u t  o f  the  p layback  e l e c t r o n i c s  of  t h i s  sub- 
sys t em a s s o c i a t e d  w i t h  t h e  t r a c k s  used  t o  r e c o r d  t h e  5 . 1 2  kbps 
PCM w a v e t r a i n  or t h e  51.2 kbps PCM w a v e t r a i n  w i l l  b e  r o u t e d  
d i r e c t l y  t o  one o f  t h e  t h r e e  VHF FM t r a n s m i t t e r s  of  t h e  ECM 
and always t o  t h e  same one of t h e  t h r e e .  The o u t p u t s  o f  t h e  
p l ayback  e l e c t r o n i c s  o f  t h i s  subsys tem a s s o c i a t e d  w i t h  t h e  
tape  t r a c k  used t o  r e c o r d  the  3750 bps  waveform and a s s o c i a t e d  
w i t h  t h e  t a p e  t r a c k s  used t o  r e c o r d  t h e  f r equency  d i v i s i o n  
m u l t i p l e x e d  s i g n a l  composed o f  I R I G  FM propor t iona l -bandwidth  
s u b c a r r i e r  channe l s  5 th rough 9 ,  i n c l u s i v e  w i l l  bo th  always be 
r o u t e d  t o  t h e  VCO mixer  subsystem. 

3 . 2 . 5  VCO Mixer Subsystem 

' The VCO mixer  subsystem w i l l  i n c l u d e  two v o l t a g e  con- 
t r o l l e d  o s c i l l a t o r s  (VCO)  b o t h  w i t h  a c e n t e r  f requency  c o r r e -  
sponding  t o  t h e  s u b c a r r i e r  f requency of  I R I G  FM p r o p o r t i o n a l -  
bandwidth s u b c a r r i e r  channel  19 and t h e  c i r c u i t r y  r e q u i r e d  ( a )  
t o  f r equency  d i v i s i o n  m u l t i p l e x  e i t h e r  of t h e  two channel  19 
VCOs w i t h  t he  o u t p u t  of the  tape reco rde r - r ep roduce r  subsystem 
p layback  e l e c t r o n i c s  a s s o c i a t e d  w i t h  t h e  tape t r a c k  used t o  
r e c o r d  t h e  3750 bps d i g i t a l  waveform and ( b )  t o  f requency  
d i v i s i o n  m u l t i p l e x  t h e  remaining channe l  19 VCO w i t h  t h e  ou tpu t  
o f  t h e  p layback  e l e c t r o n i c s  a s s o c i a t e d  w i t h  t h e  t a p e  t r a c k  used 
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t o  r e c o r d  t h e  f requency  d i v i s i o n  m u l t i p l e x e d  s i g n a l  composed 
of I R I G  FM propor t iona l -bandwidth  s u b c a r r i e r  channe l s  5 
th rough  9 ,  i n c l u s i v e .  The r e a l - t i m e  5.12 kbps RZ PCM wave- 
t r a i n  r o u t e d  from t h e  PCM t e l e m e t r y  subsys tem w i l l  b e  used  t o  
f r equency  modulate  one of  t h e  two channe l  19 VCOs i n  t h e  VCO 
mixer .  
s i g n a l  o f  f i v e  f requency  modulated s u b c a r r i e r s  ( I R I G  FM 
propor t iona l -bandwid th  channels  5 th rough  9 ,  i n c l u s i v e )  from 
t h e  f r equency  d i v i s i o n  m u l t i p l e x i n g  t e l e m e t r y  subsystem w i l l  be  
used  t o  f requency  n o d u l a t e  t h e  second o f  t h e  two channel  19 
V C O s  i n  t h e  VCO mixer .  

The real-time frequency d i v i s i o n  m u l t i p l e x e d  composi te  

The composi te  s i g n a l  c o n t a i n i n g  the  r e c o r d e r  p layback  
o f  t h e  3750 bps waveform w i l l  be  r o u t e d  d i r e c t l y  from t h e  VCO 
mixer  t o  one o f  t h e  t h r e e  VHF FM t r a n s m i t t e r s  o f  t h e  ECM b u t  
a l w a y s  t o  t h e  same one of t h e  t h r e e .  The composi te  s i g n a l  con- 
t a i n i n g  t h e  r e c o r d e r  p l a y b a c k  o f  t h e  I R I G  FM channels  5 th rough  
9 w i l l  b e  r o u t e d  d i r e c t l y  from t h e  VCO mixer  t o  a n o t h e r  o f  t h e  
t h r e e  VHF FM t r a n s m i t t e r s  of t h e  ECM b u t  a lways  t o  t h e  same one. 

3 .2 .6  Radio Frequency T r a n s m i t t e r s  

The ECM w i l l  be  equipped w i t h  t h r e e  wideband FM t r a n s -  
mit ters  o p e r a t i n g  i n  t h e  VHF t e l e m e t r y  f requency  band (225-260 
MHz) and one wideband FM t r a n s m i t t e r  o p e r a t i n g  i n  t h e  S-band a t  
a f r equency  o f  2282.5 MHz. The o u t p u t  power o f  each  of  t hese  
f o u r  FM t r a n s m i t t e r s  w i l l  be  1 0  wat t s  minimum. The t r a n s m i t t e r s  
w i l l  be capab le  of s imul t aneous  o p e r a t i o n  on a n o n - i n t e r f e r e n c e  
basis .  

The S-band FM t r a n s m i t t e r  w i l l  b e  used e x c l u s i v e l y  t o  
t r a n s m i t  t o  t h e  MSFN t h e  wideband composi te  s i g n a l  o u t p u t  from 
exper iment  S039, Day/Night Camera. 

One o f  t h e  t h r e e  VHF FM t r a n s m i t t e r s  w i l l  b e  used 
e x c l u s i v e l y  f o r  t h e  t r a n s m i s s i o n  t o  t h e  MSFN o f  tape r e c o r d e r -  
r e p r o d u c e r  subsys tem dump of t h e  r e c o r d e d  5.12 kbps or 51.2 
kbps  PCM w a v e t r a i n  g e n e r a t e d  b y  t h e  PCM t e l e m e t r y  subsystem. 
Tape r e c o r d e r - r e p r o d u c e r  subsystem playback  dump o f  t h e  r eco rded  
3750 bps d i g i t a l  waveform gene ra t ed  by exper iment  SO49 f o r  
t r a n s m i s s i o n  t o  t h e  MSFN w i l l  b e  a s s o c i a t e d .  e x c i u s i v e i y  w i i i i  
t h e  second o f  t h e  th ree  VHF FM t r a n s m i t t e r s .  Tape r e c o r d e r -  
r e p r o d u c e r  subsys tem playback dump o f  t h e  r eco rded  composi te  
s i g n a l  of I R I G  FM propor t iona l -bandwidth  s u b c a r r i e r  channe l s  5 
t h r o u g h  9 f o r  t r a n s m i s s i o n  t o  t h e  MSFN w i l l  be  a s s o c i a t e d  
e x c l u s i v e l y  w i t h  t he  t h i r d  o f  t h e  t h r e e  VHF FM t r a n s m i t t e r s .  
The real-time 5 . 1 2  kbps  R Z  PCM s i g n a l  f rom t h e  PCM t e l e m e t r y  
s y s t e m  modulated on a channel  19 VCO w i l l  b e  f requency  m u l t i -  
p l e x e d  w i t h  t h e  r e c o r d e r  dump data as a p p r o p r i a t e  t o  b e  t r a n s -  
m i t t e d  t o  t h e  MSFN v i a  e i t h e r  one o f  t h e  second and t h i r d  of  
t h e  t h r e e  VHF FM t r a n s m i t t e r s .  The real-time composi te  s i g n a l  
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of I R I G  p ropor t iona l -bandwidth  s u b c a r r i e r  channe l s  5 through 9 
modulated on a channel  19 VCO w i l l  b e  f requency  m u l t i p l e x e d  
w i t h  t h e  r e c o r d e r  dump d a t a  a s  a p p r o p r i a t e  t o  b e  t r a n s m i t t e d  
t o  t h e  MSFN v i a  t h e  o t h e r  one o f  t h e  second and t h i r d  o f  t h e  
t h r e e  VHF FM t r a n s m i t t e r s .  

3 . 2 . 7  Antenna Subsystems 

The two independent  an tenna  subsystems mounted on 
t h e  ECM w i l l  i n c l u d e  a mul t i -e lement ,  o m n i - d i r e c t i o n a l  S-band 
a n t e n n a  subsystem and a mul t i -e lement ,  o m n i - d i r e c t i o n a l  VHF 
a n t e n n a  subsystem. 

The S-band an tenna  subsys tem w i l l  c o n s i s t  o f  f o u r  
e l emen t s  l o c a t e d  on t h e  ECM and spaced approximate ly  9 0  degrees  
apar t .  The S-band t r a n s m i t t e r  o u t p u t  w i l l  f eed  t h e  f o u r  S-band 
a n t e n n a  e l emen t s  s imul t aneous ly  th rough  a fGur-way power 
s p l i t t e r .  

The VHF an tenna  s u b s y s t e n  w i l l  c o n s i s t  o f  f o u r  e l e -  
ments l o c a t e d  on t h e  ECM and spaced  approximate ly  90  deg rees  
a p a r t .  The o u t p u t s  o f  t h e  t h r e e  VHF FM t r a n s m i t t e r s  w i l l  b e  
m u l t i p l e x e d .  The o u t p u t  o f  t he  VHF m u l t i p l e x e r  w i l l  f e e d  t h e  
f o u r  VHF an tenna  e lements  s imul t aneous ly  through a four-way 
power s p l i t t e r .  

4 . 0  DISCUSSION OF PROBLEM AREAS I N  PROPOSED BASELINE DESIGN 
OF ECM COMMUNICATIONS SYSTEM 

The b a s e l i n e  d e s i g n  o f  t h e  communications system o f  
t h e  ECM t o  be used i n  c o n j u n c t i o n  w i t h  t h e  CSM f o r  mis s ion  
AAP-1A proposed by t h e  Mar t in-Mar ie t ta  Corpora t ion  and 
d e s c r i b e d  e a r l i e r  i n  t h i s  memorandum has o p e r a t i o n a l  l i m i t a -  
t i o n s  and o t h e r  shor tcomings  which w i l l  be  d i s c u s s e d  i n  t h e  
f o l l o w i n g  p a r a g r a p h s .  These i n c l u d e :  

I n f l e x i b i l i t y  o f  t e l e m e t r y  subsys tem d e s i g n  w i t h  
r e g a r d  t o  changes i n  t o t a l  data t r a n s f e r  r e q u i r e -  
ments f rom t h e  ECM t o  t h e  MSFN. 

I n c o m p a t i b i l i t y  o f  t e l e m e t r y  subsys tem d e s i g n  with 
r e q u i r e m e n t s  f o r  real-time o r  n e a r  r e a l  t i m e  data  
p r o c e s s i n g  by t h e  MSFN f o r  t r a n s f e r  t o  t h e  Miss ion  
C o n t r o l  Cen te r  a t  Houston f o r  m i s s i o n  c o n t r o l .  

L i m i t a t i o n  t o  fou r  t h e  number .of d i s c r e t e  commands 
a v a i l a b l e  t o  t h e  MSFN f o r  i ndependen t ly  c o n t r o l l i n g  
o p e r a t i o n  of ECM subsystems and ECM mounted e x p e r i -  
ment s . 
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( d )  U n s u i t a b i l i t y  of t h e  Block I1 CM t a p e  r e c o r d e r -  
r e p r o d u c e r  subsystem f o r  proposed a p p l i c a t i o n  i n  t h e  
ECM. 

( e )  Real t i m e  c o r r e l a t i o n  o f  exper iment  data w i t h  space  
v e h i c l e  a t t i t u d e ,  w i t h  t i m i n g ,  and w i t h  v o i c e  communi- 
c a t i o n s i s  impract ica .1  i f  n o t  i m p o s s i b l e  i n  some c a s e s .  

Q u e s t i o n  o f  t h e  s u i t a b i l i t y  o f  r a d i a t i o n  p a t t e r n s  o f  
t h e  VHF and  S-band an tenna  subsystem o f  t h e  ECM and 
t h e  CSM. 

( f )  

( g )  Absence of  equipment redundancy o r  o p e r a t i o n a l  f l e x i -  
b i l i t y  f o r  c o n t i n g e n c i e s  i n  subsys tem d e s i g n  i n  o r d e r  
t o  enhance r e l i a b i l i t y  and p r o b a b i l i t y  of m i s s i o n  
s u c c e s s .  

4.1 I n f l e x i b i l i t y  o f  T e l e m e t r y  Subsystem Design 

The d e s i g n  of' t h e  ECM t e l eme t ry  subsys tem was t a i l o r e d  
t o  meet t h e  s p e c i f i c  experiment  data t r a n s f e r  r equ i r emen t s  
l i s t e d  i n  t h e  document, "Experiment Requirements - N e w  B a s e l i n e " ,  
MMC r e f e r e n c e  no. 7W16234, d a t e d  December 5, 1967,  r e f e r e n c e  
NASA TWX dated November 28, 1967 and as a r e s u l t  has on ly  
l i m i t e d  f l e x i b i l i t y  t o  adapt t o  changes i n  t h e  number and k i n d s  
o f  o u t p u t  data from t h e  approved expe r imen t s  o r  a d d i t i o n a l  
expe r imen t s .  It s h o u l d  be noted t ha t  many of  t h e  expe r imen t s  
approved f o r  m i s s i o n  AAP-1A have n o t  y e t  been  des igned  i n  
d e t a i l .  Consequent ly  t h e  data t r a n s f e r  r e q u i r e m e n t s  c u r r e n t l y  
ava i lab le  are only  estimates made by t h e  r e s p e c t i v e  p r i n c i p a l  
i n v e s t i g a t o r s  ( P I )  o f t e n  based on e x p e r i e n c e  from o t h e r  pro-  
grams and knowledge of communications sys tems used  i n  o t h e r  
programs and as such  are s u b j e c t  t o  change a f t e r  t h e  experiment  
d e s i g n  and t h e  hardware are  completed.  It i s  i m p o r t a n t  t h a t  
t h e  P I S  b e  made aware o f  g e n e r a l  c h a r a c t e r i s t i c s  and data 
t r a n s f e r  c a p a b i l i t i e s  of t h e  t e l e m e t r y  s y s t e m s  which might b e  
a v a i l a b l e  on-board t h e  ECM and t h e  c a p a b i l i t i e s  o f  t h e  MSFN f o r  
data p r o c e s s i n g .  For  i n s t a n c e ,  f o r  a PCM t e l e m e t r y  s y s t e m  these  
s h o u l d  i n c l u d e :  ( a )  number o f  b i t s  p e r  word ( q u a n t i z a t i o n  

c a p a b i l i t i e s ,  e t c .  Armed w i t h  t h i s  i n f o r m a t i o n ,  t he  P I S  shou ld  
examine i n  d e t a i l  t h e  data t r a n s f e r  r e q u i r e m e n t s  of  t h e i r  re- 
s p e c t i v e  exper iment  and document t h e i r  s p e c i f i c  r equ i r emen t s  i n  
d e t a i l .  Only a f t e r ' t h e s e  s t e p s  have been t a k e n  can t h e  teleme- 
t r y  subsys tem of t h e  ECM be des igned  e f f e c t i v e l y .  

-v,-m--) (L) AL--.-.-~ n o m n l i v r n  n r J t n c  ( 2 )  d i g i t a l  data h,afidlifig 
LI I VI 1 , u 1 b i i a i i i i c A  D Q I I I ~ L L L L ~  I u v b u  

A g e n e r a l  ground r u l e  f o r  t he  d e s i g n  o f  t h e  ECM 
communications s y s t e m  was t o  use  e x i s t i n g  f l i g h t  q u a l i f i e d  hard- 
ware wherever  p o s s i b l e . .  A s  a consequence,  t h e  PCM t e l eme t ry  
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subsys tem developed  for t h e  s p a c e c r a f t  i n  t h e  Gemini Program 
was s e l e c t e d  f o r  use  i n  t h e  ECM. 
t e m  q u a n t i z e s  a n a l o g  samples i n t o  8 b i t  words,  t h e  subsystem 
canno t  accommodate data r e q u i r i n g  1 0  b i t  accu racy .  F u r t h e r  
t h i s  subsys tem does  no t  have t h e  c a p a b i l i t y  t o  i n t e g r a t e  f r e e  
r u n n i n g  d i g i t a l  data i n t o  i t s  o u t p u t  PCM b i t  stream. These 
data  which cou ld  n o t  be  accommodated by t h e  PCM t e l e m e t r y  sub- 
s y s t e m  of t h e  ECM w i l l  be put  on s u b c a r r i e r s  ( f i v e )  t o  form a 
f r equency  d i v i s i o n  mul t ip l exed  t e l e m e t r y  s i g n a l  f o r  t r a n s -  
m i s s i o n  t o  t h e  MSFId i n  a d d i t i o n  t o  t h e  PCM s i g n a l .  The PCM 
t e l eme t ry  subsys tem o f  t h e  ECM has s u f f i c i e n t  spare  c a p a c i t y  
t o  accommodate w i t h  l i t t l e  impact any r e a s o n a b l e  i n c r e a s e  i n  
exper iment  da ta  compat ib le  wi th  i t s  c a p a b i l i t i e s .  However, 
if a requ i r emen t  a r o s e  for t he  t r a n s f e r  of  a d d i t i o n a l  e x p e r i -  
ment data which was incompa t ib l e  w i t h  t h e  PCM t e l eme t ry  sub- 
s y s t e m s ,  a t  l e a s t  one a d d i t i o n a l  s u b c a r r i e r  would be r e q u i r e d  
i n  t h e  f requency  d i v i s i o n  m u l t i p l e x i n g  t e l e m e t r y  subsystem or 
i n  t h e  VCO mixer e i t h e r  of which would produce a major  impact  
on t h e  e n t i r e  ECM i n s t r u m e n t a t i o n  and t e l e m e t r y  systems 
d e s i g n .  

S i n c e  t h i s  t e l eme t ry  subsys-  

4.2  I n c o m p a t i b i l i t y  of Te leme t ry  Subsystem Design w i t h  Real- 
T i m e  Data Requirements 

It was assumed b y  MMC t h a t  t h e  on ly  data from t h e  
subsystems or expe r imen t s  of  t h e  ECM which would be r e q u i r e d  
i n  real-time o r  n e a r  real-time f o r  m i s s i o n  c o n t r o l  would be 
t h a t  data c o n t a i n e d  i n  t h e  5 . 1 2  kbps  PCM w a v e t r a i n  g e n e r a t e d  
by t h e  PCM t e l eme t ry  subsystem. I n  t he  proposed d e s i g n ,  t h i s  
w a v e t r a i n  w i l l  a l w a y s  be t r a n s m i t t e d  i n  real- t ime,  b u t  w i l l  
a l s o  a lways  be f r equency  modulated on a s u b c a r r i e r  ( I R I G  FM 
p ropor t iona l -bandwid th  s u b c a r r i e r  channe l  19) b e f o r e  modulat-  
i n g  one of t h e  VHF FM t r a n s m i t t e r s  o f  t h e  ECM. Consequent ly ,  
t h e  v a r i o u s  s t a t i o n s  o f  t he  MSFN must be  equipped w i t h  a d i s -  
c r i m i n a t o r  c a p a b l e  o f  demodulat ing I R I G  s u b c a r r i e r  Channel 19 
i n  o r d e r  t o  r e t r i e v e  t he  r e a l - t i m e  5 .12  kbps PCM w a v e t r a i n  and 
r o u t e  it t o  a PCM d e c o r n u t a t o r  p r i o r  t o  p r o c e s s i n g  by the  Remote 
S i t e  Data P r o c e s s o r  ( R S D P ) .  It shou ld  be  no ted  t h a t  none o f  
t h e  s t a t i o n s  of t h e  MSFN a r e  c u r r e n t l y  equipped  w i t h  a n  I R I G  
PM p ropor t iona l -bandwid th  s u b c a r r i e r  ciiaiiiiel 19 dlscrlnlnat~r. 
However, each  s t a t i o n  of t h e  MSFN i s  equipped w i t h  a t  l eas t  
one se t  of d i s c r i m i n a t o r s  f o r  I R I G  FM propor t iona l -bandwid th  
s u b c a r r i e r  c h a n n e l s  1 through 18  and channe l s  A t h rough  E .  
Consequent ly ,  t he  s t a t i o n s  o f  t h e  MSFN must be augmented w i t h  
a n  I R I G  s u b c a r r i e r  channe l  19 d i s c r i m i n a t o r  t o  p e r m i t  real-time 
p r o c e s s i n g  of f l i g h t  c o n t r o l  data  from t h e  ECM. 



BELLCOMM. INC. - 12 - 

The real-time o u t p u t  from t h e  f r equency  d i v i s i o n  
m u l t i p l e x i n g  t e l e m e t r y  subsystem which c o n t a i n s  d i g i t a l  out-  
p u t s  from Group 2 exper iments  w i l l  a l s o  f r equency  modulate  
an  I R I G  s u b c a r r i e r  channel  19  b e f o r e  modula t ing  a d i f f e r e n t  
VHF FM t r a n s m i t t e r  o f  t h e  ECM. If real-time p r o c e s s i n g  o f  
these d i g i t a l  data  were t o  become a r equ i r emen t ,  i t  c o u l d  no t  
be done w i t h o u t  t h e  a d d i t i o n  of  a n  I R I G  s u b c a r r i e r  channe l  19 
d i s c r i m i n a t o r  t o  t h e  s t a t i o n s  o f  t h e  MSFN. It would p robab ly  
be i m p r a c t i c a l  i n  any even t  because o f  t h e  t h i r d  l e v e l  o f  
demodula t ion  requii-ed ( t h e  o u t p u t  o f  t h e  s u b c a r r i e r  channe l  
1 9  d i s c r i m i n a t o r  must be f e d  t o  d i s c r i m i n a t o r s  f o r  I R I G  FM 
propor t iona l -bandwid th  s u b c a r r i e r  channe l s  5 th rough 9 1 ,  
because  o f  t h e  l i m i t e d  number of d i g i t a l  i n p u t s  a v a i l a b l e  t o  
t h e  RSDP s i n c e  each  b i t  stream r e q u i r e s  a separate  i n p u t ,  
and b e c a u s e  o f  t h e  many a d d i t i o n a l  RSDP computer programs 
which would be  r e q u i r e d .  I n  a d d i t i o n ,  t hese  d i g i t a l  word 
l e n g t h s  which w i l l  be g rea te r  t h a n  8 b i t s  (13, 1 2 ,  and 20 
b i t s )  are i n c o m p a t i b l e  w i t h  e x i s t i n g  data p r o c e s s i n g  s y s t e m s  
of t h e  MSFN and t h e  Miss ion  Con t ro l  Cen te r  a t  Houston. 

It shou ld  a l s o  b e  m t e d  t h a t  t h e  3750 b p s  d i g i t a l  
o u t p u t  s i g n a l  from exper iment  SO49 cannot  be t r a n s m i t t e d  i n  
real-time from t h e  ECM t o  t he  MSFN under  t h e  proposed t e l e m e t r y  
subsys tem d e s i g n  n o r  can t h e  o u t p u t  data from exper iment  S l03 .  
These data w i l l  a lways  b e  r eco rded  on-board t h e  ECM i n  real-  
t i m e  and dumped to t h e  MSFN i n  de layed- t ime.  

4 . 3  Ground C o n t r o l  o f  ECM Subsystems and Experiments  
S e v e r e l y  L i m i t e d  

I n  t h e  proposed b a s e l i n e  d e s i g n  o f  t h e  communications 
s y s t e m  of t h e  ECM, ground command and c o n t r o l  o f  ECM subsystems 
and ECM mounted exper iments  i s  l i m i t e d  t o  f o u r  d i s c r e t e  com- 
mands. T h i s  l i m i t a t i o n  may be unduly r e s t r i c t i v e  t o  m i s s i o n  
p l a n n i n g  f o r  ECM subsystem and ECM mounted experiment  o p e r a t i o n s  
d u r i n g  crew s leep  p e r i o d s  and peak work l o a d  p e r i o d s .  

4 . 4  Tape Recorder-Reproducer Subsystem 

The tage r eco rde r - r ep roduce r  subsystem c o n t a i n e d  i n  
t h e  MMC proposed  b a s e l i n e  ECM communications sys tem i s  a modi- 
f i e d  v e r s i o n  o f  t h e  tape r e c o r d e r  r e p r o d u c e r  subsystem o f  t h e  
Block I1 CSM of t h e . A p o l l o  P r o g r a m .  
i n c l u d e :  ( a )  r e c o r d i n g  PCM d a t a  a t  a r a t e  o f  5 .12  kbps a t  a 
tape speed of 3.75 i p s  i n s t e a d  o f  1 . 6  kbps,  and ( b )  p layback  
tape speed  r educed  t o  60 i p s  from 1 2 0  i p s .  
m a n u f a c t u r e r  of t h e  Block I1 C S M  tape reco rde r - r ep roduce r  sub- 
s y s t e m ,  b e l i e v e s  t h a t  t h e  p layback  tape-speed  r e d u c t i o n  modi f i -  
c a t i o n  can be ach ieved  wi thou t  ma jo r  d i f f i c u l t y .  

The proposed  m o d i f i c a t i o n s  

The Leach Corpora t ion ,  
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It s h o u l d  be n o t e d ,  however, t h a t  t h e  r e c o r d  
e l e c t r o n i c s  o f  t h i s  t a p e  r e c o r d e r  f o r  PCM r e c o r d i n g  have 
been  d e s i g n e d  f o r  a ItRZ-L PCM b i t  s t r e a m  p l u s  a c l o c k  s i g n a l .  
The 5.12 kbps PCM s i g n a l  o u t p u t  from t h e  PCM t e l e m e t r y  sub- 
sys tem of t h e  ECM w i l l  b e  a RZ PCM b i t  stream. Some change 
i n  t h e  proposed  b a s e l i n e  des ign  i s  i n d i c a t e d  i n  t h i s  area. 

The proposed  mode of o p e r a t i o n  of t h i s  tape r e c o r d e r -  
r e p r o d u c e r  subsys tem i s  t o  r e c o r d  a t  a t a p e  speed of 3.75 i p s  
u n t i l  expe r imen t  S i 0 3  i s  a c t i v a t e d  when the  r e c o r d  tape speed  
w i l l  be  a u t o m a t i c a l l y  swi tched  t o  15  i p s  and t o  dump a t  a 
t a p e  speed  o f  60 i p s .  
c r e a t e  a n  o p e r a t i o n a l  problem a t  t h e  s t a t i o n s  o f  t h e  MSFN 
b e c a u s e  of  t h e  change i n  b o t h  format  and b i t  r a t e  of  t h e  
PCM s i g n a l  r e c e i v e d  o v e r  a s i n g l e  l i n k  d u r i n g  dump o f  t h e  
on-board tape r e c o r d e r - r e p r o d u c e r .  

T h i s  proposed mode of  o p e r a t i o n  may 

The e f f e c t s  o f  r e c o r d i n g  of  t h e  3750 b p s  d i g i t a l  
s i g n a l  from exper iment  SO49 on a n  a n a l o g  c h a n n e l  s h o u l d  be 
i n v e s t i g a t e d  from a data d e g r a d a t i o n  v i ewpo in t .  Cha rac t e r -  
i s t i c s  of  t h e  3750 b p s  d i g i t a l  s i g n a l  such  as t h e  minimum 
number of  b i t  t r a n s i t i o n s  p e r  u n i t  t i m e  which would b e  
r e q u i r e d  t o  conduct  such an  i n v e s t i g a t i o n  were not  a v a i l a b l e  
t o  MMC a t  t h i s  t i m e .  

The ma jo r  drawback t o  t h e  proposed  u s e  of  t h e  
Block I1 CSM t a p e  r e c o r d e r - r e p r o d u c e r  subsys tem for ECM 
a p p l i c a t i o n s  i s  t h a t  t h e  subsystem would have t o  b e  r e q u a l i -  
f i e d .  T h i s  subsys tem w i l l  be q u a l i f i e d  i n  Apollo f o r  1 4  
h o u r s  t o t a l  o p e r a t i o n  t ime  i n  a 1 4  day p e r i o d .  For  t h i s  
a p p l i c a t i o n  i n  A A P ,  t h e  t a p e  r e c o r d e r - r e p r o d u c e r  subsystem 
would be  r e q u i r e d  t o  o p e r a t e  e s s e n t i a l l y  c o n t i n u o u s l y  f o r  a 
f u l l  1 4  days .  

4.5 Time C o r r e l a t i o n  o f  Data 

Some of t h e  exper iments  t o  be conducted  from t h e  
ECM r e q u i r e  t i m e  c o r r e l a t i o n  o f  t h e  exper iment  data w i t h  
b o t h  crew v o i c e  data and space  v e h i c l e  a t t i t u d e  data  t o  per- 
m i t  r e d u c t i o n  and p r o p e r  e v a l u a t i o n  of  t h e  ou tpc t  data  frm 
t h e  v a r i o u s  e x p e r i m e n t s .  I n  o r d e r  t o  c o r r e l a t e  t h e s e  data 
i n  n e a r - r e a l  t i m e  ( p o s t - p a s s  data p r o c e s s i n g ) ,  a l l  r e q u i r e d  
data s h o u l d  be  i n c l u d e d  on t h e  same on-board tape r e c o r d e r  
and be dumped t o  t h e  MSFN s i m u l t a n e o u s l y  b u t  n o t  n e c e s s a r i l y  
on t h e  same r a d i o  f r equency  t r a n s m i s s i o n  l i n k .  
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The r e c o r d e r  dump and/or  real-time composi te  s i g n a l  
o u t p u t  from exper iment  SO39 which i s  t r a n s m i t t e d  d i r e c t l y  to 
t h e  MSFN v i a  a n  S-band t r a n s m i s s i o n  l i n k  i n c l u d e s  t i m i n g  
r e f e r e n c e  i n f o r m a t i o n  b u t  does n o t  i n c l u d e  e i t h e r  crew v o i c e  
n o t a t i o n  i n f o r m a t i o n  or space  v e h i c l e  a t t i t u d e  i n f  ormat i o n  
b o t h  o f  which are needed as a f u n c t i o n  of t i m e  f o r  e v a l u a t i o n  
o f  t h i s  exper iment  o u t p u t  d a t a .  

T i m e  c o r r e l a t i o n  i n f o r m a t i o n  w i l l  be  i n c l u d e d  i n  
b o t h  PCM o u t p u t s  01’’ t he  PCM t e l e m e t r y  subsys tem and i n  t h e  
composi te  o u t p u t  o f  t he  f requency  d i v i s i o n  m u l t i p l e x i n g  telem- 
e t r y  subsys tem which w i l l  be  r e c o r d e d  by tape r e c o r d e r -  
r e p r o d u c e r  subsys tem of  t h e  ECM. T ime  c o r r e l a t i o n  i n f o r m a t i o n  
w i l l  n o t  be i n c l u d e d  i n  t h e  3750 bps  d i g i t a l  s i g n a l  b u t  t h i s  
s i g n a l  w i l l  b e  r e c o r d e d  on t h e  same t a p e  r e c o r d e r - r e p r o d u c e r  
as t h e  o u t p u t s  from t h e  PCM t e l e m e t r y  and f r equency  d i v i s i o n  
m u l t i p l e x i n g  subsystems of  t h e  ECM. 

Space v e h i c l e  a t t i t u d e  i n f o r m a t i o n  from t h e  ECM 
A t t i t u d e  C o n t r o l  and P o i n t i n g  Subsystems w i l l  be  i n c l u d e d  i n  
b o t h  PCM o u t p u t s  o f  t h e  PCM t e l e m e t r y  subsystem bu t  i n  no 
o t h e r  p l a c e .  

No v o i c e  i n f o r m a t i o n  w i l l  be r eco rded  by t h e  ECM 
tape r e c o r d e r - r e p r o d u c e r  subsystem a l t h o u g h  t h e  c a p a b i l i t y  
i s  a v a i l a b l e  i n  t h e  c u r r e n t  tape r e c o r d e r - r e p r o d u c e r  subsystem 
d e s i g n .  However, i n c l u d i n g  vo ice  communications on t h e  ECM 
tape  r e c o r d e r - r e p r o d u c e r  would e n t a i l  a major  change i n  t h e  
ECM r a d i o  f r equency  t r a n s m i s s i o n  subsystem b a s e l i n e  d e s i g n  
b e c a u s e  an  a d d i t i o n a l  r a d i o  f requency  t r a n s m i t t e r  would b e  
r e q u i r e d  t o  p e r m i t  dumping of a l l  i n f o r m a t i o n  s t o r e d  on t h e  
tape r e c o r d e r - r e p r o d u c e r  t o  t h e  MSFN s i m u l t a n e o u s l y .  
p roposed  communications system b a s e l i n e  d e s i g n  p r o v i d e s  
r e c o r d i n g  of  v o i c e  i n f o r m a t i o n  i n  t h e  CM o n l y .  

The 

4 . 6  Antenna Subsystem R a d i a t i o n  P a t t e r n s  

During t h e  conduct of  some o f  t h e  expe r imen t s ,  t h e  
CSM/ECM w i l l  be  nominal ly  s t a b i l i z e d  w i t h  t h e  roll a x i s  o f  
t h e  CSM/ECM c o i n c i d e n t  w i t h  t he  l o c a l  v e r t i c a l  and w i i h  iile 
dome o f  t h e  ECM p o i n t e d  toward t h e  E a r t h .  
i t  i s  l i k e l y  t h a t  t h e  ECM w i l l  p h y s i c a l l y  mask t h e  l i n e - o f -  
s i g h t  o f  t h e  v a r i o u s  S-band an tenna  e l emen t s  of  t h e  C S M  t o  
p o r t i o n s  of t h e  Ea r th .  The o m n i - d i r e c t i o n a l  S-band an tenna  
subsys tem of t h e  CSM w i l l  c o n s i s t s  of  f o u r  e l emen t s  l o c a t e d  
on t h e  c o n i c a l  s u r f a c e  o f  t h e  CM and spaced  approx ima te ly  
90  degrees a p a r t .  R a d i a t i o n  from on ly  one o f  these  f o u r  
e l e m e n t s  w i l l  b e  p o s s i b l e  a t  any g i v e n  t i m e .  T e s t i n g  of  a t  
l e a s t  a s c a l e  module o f  t h e  CSM/ECM space  v e h i c l e  would be 
r e q u i r e d  to a s c e r t a i n  t h e  a c t u a l  CSM an tenna  r a d i a t i o n  p a t -  
t e r n  p e r t u r b a t i o n s  caused  by t h e  p r e s e n c e  of  t he  ECM and to 
d e t e r m i n e  the  o p e r a t i o n a l  r equ i r emen t s  imposed on t h e  crew 

I n  t h i s  o r i e n t a t i o n ,  
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f o r  manual s e l e c t i o n  o f  S'-band o m n i - d i r e c t i o n a l  a n t e n n a  
e l e m e n t s  as a f u n c t i o n  o f  a t t i t u d e  d u r i n g  a pass o v e r  a s ta -  
t i o n  o f  t h e  MSFN. 

The VHF omni -d i r ec t iona l  a n t e n n a  subsystem and t h e  
S-band o m n i - d i r e c t i o n a l  an tenna  subsystem of  t h e  ECM as des- 
c r i b e d  i n  t h e  b a s e l i n e  d e s i g n  w i l l  e ach  c o n s i s t  o f  f o u r  
a n t e n n a  e l emen t s  l o c a t e d  on t h e  p e r i p h e r y  o f  t h e  dome and 
spaced  approx ima te ly  90 degrees  a p a r t .  The f o u r  e l emen t s  o f  
each  an tenna  subsystem w i l l  r a d i a t e  s i m u l t a n e o u s l y .  It i s  
e x p e c t e d  t h a t  s e v e r e  s c a l l o p i n g  of t h e  r e s u l t a n t  r a d i a t i o n  
p a t t e r n s  o f  t h e  ECM VHF and S-band an tenna  subsys tems w i l l  
o c c u r  because  o f  t h e  c o n s t r u c t i v e  and d e s t r u c t i v e  i n t e r f e r -  
e n c e s  between t h e  r a d i a t i o n  p a t t e r n s  o f  t h e  i n d i v i d u a l  an tenna  
e l e m e n t s  o f  e i t h e r  an tenna  subsystem, e s p e c i a l l y  f o r  t h e  
S-band an tenna  subsystem. T h i s  may n o t  be a problem i f  the  
a t t i t u d e  o f  t h e  CSM/ECM was s t a b i l i z e d  as i t  w r i l l  be d u r i n g  
t h e  conduct  o f  t h e  expe r imen t s .  However, i t  i s  u n l i k e l y  
t h a t  t h e  space  v e h i c l e  a t t i t u d e  w i l l  b e  s t a b i l i z e d  th roughou t  
t h e  m i s s i o n  d u r a t i o n  because  of t h e  l i m i t e d  s t a b i l i z a t i o n  
f u e l  budge t .  T h e r e f o r e  i t  i s  l i k e l y  t h a t  a n e a r l y  t r u e  omni- 
d i r e c t i o n a l  an tenna  r a d i a t i o n  p a t t e r n  w i l l  be  r e q u i r e d  t o  
e n a b l e  s u c c e s s f u l  communication between t h e  ECM and t h e  MSFN 
d u r i n g  a l l  p e r i o d s  o f  l i n e - o f - s i g h t  between t h e  CSM/ECM and 
a s u i t a b l y  equipped  s t a t i o n  of t h e  MSFN. 

4 . 7  Equipment R e l i a b i l i t y  and Contingency Modes o f  Opera t ion  

A s  s t a t ed  e a r l i e r ,  t h e  proposed  ECM communications 
sys t em b a s e l i n e  d e s i g n  c a l l s  for t h e  u s e  o f  a mod i f i ed  v e r s i o n  
of t h e  tape  r eco rde r - r ep roduce r  subsystem c a r r i e d  b y  t h e  
Block I1 CSM o f  t h e  Apollo Program which i n c l u d e s  a s i n g l e  
t a p e  r e c o r d e r - r e p r o d u c e r  wi thout  a backup u n i t .  The b a s e l i n e  
d e s i g n  a l s o  p r e c l u d e s  t h e  t r a n s m i s s i o n  o f  o u t p u t  data  from 
e x p e r i m e n t s  SO49 and Sl03 t o  t h e  MSFN i n  real-t ime. Data 
from these  expe r imen t s  must f i r s t  be  r e c o r d e d  by t h e  ECM tape 
r e c o r d e r - r e p r o d u c e r  subsystem and t h e n  l a t e r  b e  dumped and 
t r a n s m i t t e d  t o  t h e  MSFN. Consequent ly ,  f a i l u r e  o f  t h e  t a p e  
r e c o r d e r - r e p r o d u c e r  on t h e  ECM would p r e v e n t  r e t r i e v a l  o f  any 
data f r n m  expe r imen t s  SO49 and S lO?  as w e l l  as any o t h e r  data 
i n  de layed- t ime.  Although l i m i t e d  amounts o f  data from o t h e r  
e x p e r i m e n t s  conducted on t h e  ECM as w e l l  as ECM subsystem 
s t a t u s  and performance data  could be g a t h e r e d  d u r i n g  t h o s e  
p e r i o d s  of t h e  ECM m i s s i o n  when t h e  CSIVI/ECM was w i t h i n  l i n e -  
o f - s i g h t  a s u i t a b l y  equipped s t a t i o n  o f  t h e  MSFN, loss of  t h e  
ECM t a p e  r e c o r d e r - r e p r o d u c e r  would make c o n t i n u i n g  conduct  o f  
e x p e r i m e n t s  i m p r a c t i c a l  or imposs ib l e .  Thus,  w i t h  m i s s i o n  
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s u c c e s s  depending  on t h e  c o n t i n u i n g  o p e r a t i o n  and a v a i l a b i l i t y  
o f  t h e  ECM tape r e c o r d e r - r e p r o d u c e r  subsys tem and n o t i n g  t h a t  
q u a l i f i c a t i o n  t e s t s  o f  t h e  Apollo Program v e r s i o n  of  t h i s  sub- 
sys tem show e x p e c t e d  t r o u b l e - f r e e  o p e r a t i o n  times t o  b e  o f  t he  
o r d e r  o f  one day  or l e s s ,  equipment redundancy a p p e a r s  t o  be 
i n d i c a t e d  f o r  a d d i t i o n  t o  t h e  d e s i g n  of t h i s  subsys tem f o r  
a p p l i c a t i o n  t o  t h e  ECM. 

Except  f o r  t h e  real-time 5 .12  kbps s i g n a l  o u t p u t  o f  
t h e  PCM t e l e m e t r y  subsystem and t h e  r e a l - t i m e  composi te  s i g n a l  
o u t p u t  o f  t h e  f r equency  d i v i s i o n  m u l t i p l e x i n g  t e l e m e t r y  sub- 
s y s t e m ,  t h e  f a i l u r e  of any t r a n s m i t t e r  on t h e  ECM would p r e v e n t  
some expe r i emnt  data from e v e r  b e i n g  r e t r i e v e d  on t h e  Ea r th .  
The two real-time t e l e m e t r y  s i g n a l s  ment ioned  above may be  
t r a n s m i t t e d  t o  t h e  MSFN v i a  s w i t c h  s e l e c t i o n  by e i t h e r  one o f  
two t r a n s m i t t e r s  p r o v i d i n g  some l i m i t e d  o p e r a t i o n a l  f l e x i b i l i t y  
f o r  c o n t i n g e n c i e s .  However, if one o f  t he  f o u r  r a d i o  f r equency  
t r a n s m i t t e r s  were l o s t ,  data  from e i t h e r  ( a )  exper iment  S 0 3 9 ,  
( b )  expe r imen t  Sl03 and delayed-t ime PCM data, ( c )  exper iment  
S049,  or ( d )  de layed- t ime o u t p u t  of t h e  f r equency  d i v i s i o n  
m u l t i p l e x i n g  t e l e m e t r y  subsystem would be  u n r e t r i e v a b i e  
depending  upon which of  t h e  t r a n s m i t t e r s  had f a i l e d .  The 
c a p a b i l i t y  f o r  t ime- sha r ing  of  t he  o p e r a t i n g  t r a n s m i t t e r s  w i t h  
a l l  s i g n a l s  a p p e a r s  t o  minimize t h e  impact  o f  t h e  f a i l u r e  o f  
any t r a n s m i t t e r  on m i s s i o n  s u c c e s s .  
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